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2012 LHC analyses have confirmed
excesses of 2011
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We’ve discovered something
that looks like the Higgs, but is
it a standard Higgs?

Post-discovery, emphasis is on
coupling measurements

Question: What are theory
implications of coupling measurements?



Two directions:

[) Couplings to down-type fermions
suppressed?

In 1206.1058 (w/ Azatov, Craig, Galloway),
we find this disfavors minimal SUSY

[I) Coupling to gauge bosons enhanced?

In 1207.0493 (w/ Newby, Raj, Wanotayaroj),
we explore extended Higgs sectors that
allow this



Theorist conventions

for gauge coupling :]

Fermion couplings

Normalized to 1 for SM value



Comparison of experiment and theory
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# Fermion couplings indirectly constrained now

. % Top: through rate for gluon fusion (tth is

starting to be analyzed)

# Bottom/tau: through effects on other

branching ratios (h — bb, tt search becoming

more important)
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__ CMS Combined Likelihoods [4.9 fb™ @ 7TeV]
| [ VBF vy preferred
large a

_——0=<a<05 7

WW ZZ channels

«  preferred smaller a, cp
| and larger c;

Sensitive to what data is used: e.g. Tevatron, LHC 2012
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--gLa ck of down-type events

CMS Preliminary

5=TTeV,L=501"
g§:8TeV,L=5.2fb'1

So tar, down-type
decays have no
large excesses

Suggestive, but
need more data
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Yukawa Couplings: General Type —I1 2HDM
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General mixing angles o

allow Suppressed < fffffffffffff ffffffffffffff
down-type couplings .




Analyze general two Higgs doublet model

Determine a condition to get down-type

couplings suppressed, assuming tan 5 > 1
Apply to SUSY scenarios

Upshot: coupling measurements constrain

SUSY models much like Higgs mass



Most general quartics for neutral Higgses in 2HDM

(sorry for nonstandard notation)

Condition for down-type suppression

Jsinal < cos 1

We find a single required condition on quartics



A1 sin® B — g cos® B — cos(23) s
sin 35

cos 303
| As < 0
2sin 3 ’ ,

2(:086

For MSSM, A1 = A = A3 > 0, so cannot be
satisfied for tan p > 1

Radiative corrections only help in
Oeff Scenario (Carena et.al.)



NMSSM with large A SH.Hd helps condition
(see for e.g. Hall et.al.)

Nondecoupling D-terms that maintain
D-flat direction do not work

We're currently looking into SUSY + Technicolor

Conclusion: Future analyses of bb, Tt can rule
out minimal SUSY



Higgs coupling fits are model-independent,

allowing all values of a, c

Enhanced gauge couplings are constrained

theoretically (requires doubly-charged Higgs)

Looked at consistent theories (Georgi-

Machacek) and their phenomenology



Requirement of doubly-charged Higgs shown by
Low, Rattazzi, Vichi and Falkowski, Rychkov, Urbano

Can be shown by unitarity

Unitarized if



Doubly-charged Higgs

- allows enhanced a
= Pu = .
s-channel constructively
interferes with SM
amplitude

BRI



Model with large breaking allowed by triplets

Diagonal vevs break to
custodial SU(2), allow large
triplet vev contribution




Under custodial SU(2), Higgs states consist of

Neutral singlets

Triplets

Quintuplet

Doubly charged Higgs in Hs

ap, = cosOy,ap: = \/8/3 sin @ ry



GM Model: |as| (Red), |cp| (Blue) . . .
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Br(hy — WW)

Near negative c point:

30 couplings are strong enough
2.5 L :

S O to push h, above SM Higgs
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h for in regions where SM
Higgs is ruled out

In parts of parameter space, h, cascade decays to tops
or h; pairs can also be important!



GM Model Bl ) ratio: A=t ds=-08 Coupling extraction

| | complicated by
charged Higgses

contribution to diphoton

Typically destructive

interference as shown

“ : in left plot

Just out last night, 1207.1718 also looked at GM model & fits



H** can be searched for in single
production through WW fusion

and its decays back to same-sign leptons
(see Chiang et.al. 1202.2014)

With complicated Higgs sector, it is possible
to have W/ Z cascades as well as decays into
pairs of lighter Higgs particles



Looking to the Futur

2



Peter Ware Higgs Daniel Arcus Incus
Ululat Higgs

[s it a standard or nonstandard Higgs?
Couplings can tell us a lot!



Post-discovery, need to understand Higgs

Early days, but worth anticipating implications

of certain Higgs couplings

Current data suggests nonstandard behavior

with strong theoretical implications

Expect ~ 15-20 tb-! more data, which will be very

interesting!
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